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Two new frog species of the genus Euphlyctis, which were shown to be 
two distinct taxa by mitochondrial DNA analyses, are described from 
Karnataka State, southwestern India. On the molecular phylogenetic tree, 
the first new species appears as a sister group with respect to E. hexadac- 
tylus. The second new species forms a group with E. cyanophlyctis. The 
first species differs from E. hexadactylus in having a distinctly smaller 
snout-vent length and dark brown bold markings on the dorsum, a smaller 
head, shorter hindlimbs and wider eyelids, relative to snout-vent length. The 
second species differs from the close relative E. cyanophlyctis in having 
shorter fingers. Its advertisement calls are composed of trills that are much 
longer in duration, are composed of more numerous pulses, and have a 
lower dominant frequency than those of E. cyanophlyctis and E. hexadac- 
tylus. Morphological comparisons between the four species are presented. 
The present study reveals hitherto overlooked cryptic biodiversity in the 
genus Euphlyctis. 


RODUCTION 


Euphivetts 15 a small genus comprising only four currently recognized species E ouno- 
phi cts (Schneider, | 799) from Iran, Afghanistan, Pakistan. Nepal, India, Sri Lanka, Malaya 
and Vietnam, E efrenhergn (Peters, 1863) from Saudi Arabia and Yemen, E ghoshi (Chanda. 
1991} from Manpur. India. and E bevat ts des (Lesson, 1834) from India, Sri Lanka and 
Bangladesh (Prost, 1985, CHANDA, 1991, DL pois. 1992) Euphhctts cranophhcus and 
E hexadu t lus are known to occur m southwestern India (But. 2001: Dax s. 2005) These 
species are aquatic or semi-aquatic frogs with wide toe webbing that usually live half- 
submerged in water, or on the water edge of ponds. wetlands. paddy fields and ditches. 
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In 2003, we collected small frogs of the genus Euphlyctis from Mangalore, together 
with E hexadactylus and E cyanophlyctis. At first, we considered the small ones as juve- 
niles of E. hie radactylus However, mtDNA data revealed that the small frogs were 
distinctly different from E hexadactylus as well as from E cyanophlyctis (KURABAYASHI 
et al., 2005: ALAM et al., 2008). We collected similar small Euphlyctis frogs from Mudigere 
in the Western Ghats in 2007, and the mtDNA data, described in the present study, 
clarified that the frogs from Mudigere differed from those of Mangalore. ALAM et al. 
(2008) also demonstrated the presence of another cryptic Euphlyctis species from Bangladesh 
by mtDNA analysis, but the two new Indian taxa here treated were clearly different 
from that from Bangladesh. These latter two Indian frogs are described below as two new 
species, 

Recently, many new anuran species have been described from southwestern India, 
including the Western Ghats (e g., DuBois et al., 2001, Buu & Bossuyt, 2003, 2005, 2006, 
Kuramoro & Josxy, 2003; Buu et af , 2007: Kuramoro et al , 2007) This indicates that the 
wealth of amphibian biodiversity in this area is beyond the expectation generally recogmed. 
The present study and other recently obtained evidence sheds light on the cryptic biodiversity 
in the small and rather unnoticed genus Euphlyctis. 


MATERIAL AND METHODS 


Euphiyens frogs were collected from Adyar (12°52°N, 7455 E. altitude 1 m) and Bajpe 
(12°58'N, 7450 E, altitude ca 70 m} in Mangalore, Daksh.n Kannad District of Karnataka, 
and from Mudigere (13°07'N, 75°31°E, altitude ca. 1020 m), Chikumagalur District of 
Karnataka, during the rainy season (May to July), from 2003 to 2008. To elucidate the genetic 
divergence and phylogenetic relationship of the Euphhens taxa occurring in southwestern 
Karnataka, partial mtDNA portions corresponding to 12S and 16S rRNA genes were 
analyzed for 37 Euphivctis samples involving those of E Hüte from Adyar and 
E evanophivctis from Baype, Padil (Mangalore), Karnoor (Dakshin Kannad District) and 
Madikeri (Kodagu District). 


In the present study. the mtDNA fragments were newly amplified and sequenced 
for 14 specimens and the data of the remainmg 23 taxa were obtained from our previous 
studies (ALAM et al. 2008). The DNA amplification and sequence strategies followed the 
procedures as m the previous papers. The resultant sequences of each 12S and 16S rRNA 
gene were initially aligned using ClustalX 1 83 (THompson et al.. 1997}, the initial 175 and 
168 rRNA alignment data contamed 566 and 520 nueleotde sites, respectively From 
these alignment data, the genetic divergence (uncollected p value) between taxa was 
calculated To pertorm sophisticated phylogenetic analyses. gaps and ambiguous alignment 
sites were excluded from the initial alignments usmg Gblocks 091b (CasTResana, 2000) 
To check whether 12S and 168 rRNA data could be submitted to combined analyses, 
a permutation homology test (Farris et al. 1995) was conducted using PAUP* 4. lob 
(Sworrorp, 2001) (P — 0124) Then. the Wo gene data were concatenated The conca- 
tenated alignment data contained a total of 976 nucleotide sites. 192 of which were parsimo- 
moush informative Phylogenetic analyses based on the concatenated data were conducted 
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sing maximum likelihood (ML) and Bayesian inference (BI) methods. In these analyses, 
. eyervarya lumnocharis (accession no AY158705; Liu et al, 2005) and Limnonectes 
manensis (AY974191, Ni et al., unpublished) were used as outgroups. For ML and BI 
. aalyses, appropriate substitution models were estimated using Akaike information 
ner implemented in Modeltest 3.7 (Posapa & CRranpatt, 1998), and a general 
me-reversible substitution model with gamma population and proportion of invariable 
tes sub-models (GTR GH) was chosen. ML analysis was performed using PAUP* 
yonparametric bootstrap (BP) values under ML were calculated with 300 replicates. BI 
nalysis was performed using MrBayes 3.1.2 {RONQUIST & HLELSFNBECK, 2003), The fol- 
awing settings were also used for the BI analysis number of Markov chain Monte Carlo 
enerations = 15 x 10° and sampling frequency = 10 The burn. in size was determined by 
necking convergences of log likelihood ( In) values, and the first | x 10° generations were 
ascarded. The statistical support of the resultant BI tree was evaluated by Bayesian posterior 
srobabitities (BPP) 


Measurements were recorded for snout-vent length (SVL), head length (HL), head width 
HW), snout to nostril distance (S-N), inter-nostril distance (N- N), nostril to eye distance 
N-E), eye diameter (ED), inter-orbital distance (E-E). eyelid width (ELW), tympanum 
iameter (TD), hand length (HAL), no. 1 to no. 4 finger length (F1-F4), hindlimb length 
HLL), femur length (FEL), ubia length (TIL). foot length (FOL), and no 1 to no $ toe 
ngth (TI-T5). For details of the method of measurements see KLRAMOTO & Josny (2006) 
nd Kuramoro et al. (2007) Juvenile specimens were excluded from measurements For 
rorphological comparison, we measured six preserved specimens of E hevadactytus from 
\dyar, Mangalore and 19 specimens of E ounophiyens from Mangalore, Karnoor, Bhatkal, 
alagiru. Mudigere and Madikert, all in Karnataka State (see fig Iin KuravoToet al , 2007), 
seposited m the Rondano Biodiversity Research Laboratory. St. Aloysius College. Examined 
pecimens are listed below except for those of the new species. Discriminant analyses were 
verformed by SPSS (15 0J) statistics software (SPSS Japan, Ine.) using the measurements 
vithout any transformation. 

Euphivens canophiveas. Bujpe. RBRL 04070611, 05072202, 07072114 (1 adult d. 
adult 2). Bhatkal: RBRL 00062601-00062603. 00062605-00062607 {6 adult 7 ). Karnoor 
XBRL 01080508, 04072139, 04071140 (2 adult 3. 1 adult $). Madikern RBRL 03060702 
| adult ) Mudigere RBRL 05070921, 05070922 (1 adult d. 1 adult 2) Padi: RBRL 
13052303 (1 adult 2) Talagins RBRL 01081113, 01081114, 01081118 (3 adults) 

Euphivetts hexaduendus Adyar RBRL 0306060 f, 05071901-05071903, 07072801, 
7072802 (5 adult d, 1 adult ). 

The advertisement calls were recorded in Mudigere on 29 July 2007 at an u temperature 
sf 23.2°C and on 27 July 2008 at 21 0°C using an MD recorder (Sony MZ-B10) The recorded 
alls wore analyzed by Avisoll-SASLub Light software (Avisoft Bioacoustes} 


The type specimens were deposited in the Natural History Collections of the Bombay 
Natural History Society (BNHS), and the other specimens were stored in the Rondano 
Biodiversity Research Laboratory, St. Aloysius College (RBR L). 
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Fig 1, - Phylogenetic relationships of Euphlyctis taxa from Karnataka, India, inferred from mitochon- 
drial 12S and 16S rRNA gene data Maximum likebhood tree (-InZ - 3356 93) «s represented here 
Bayesian analysis reconstructed the same tree topology The numbers on the nodes are BP in ML 
and BPP in BI Three haplotype groups are shown by abbreviations, hpEA, hpEB and hpEC Field 
numbers of samples and collecting sites are shown Asterisks indicate that the samples were used in 
analyses by KURABAYASHI et al. (2005) and Aram et al (2008) 


RESULTS 


MOLEC AR PHYLOGENY ANDGLNE TIC DIVERGENCE OF THE E pL Ye 115 TAXA EROM KARNATAKA 


Based on the 12S and 16S rRNA gene sequences, the Indian Euphhetis specimens 
consisted of five major haplotype groups (fig. 1). Two of the five groups corresponded to E 
cvanophivctts and E he vaduct tus, and the others were temporarily named as hpEA. hpEB 
and hpEC In the ML tree (fig. 1). the hpEB group formed a group with E cianophis<tis and 
this clade was strongly supported by statistical values (BP = 100: BPP = 100) The hpEA and 
hpEC groups formed a group. and they became a sister taxon with respect to E Hex f dus, 
but staustical support for this relationship was not high (BP = 68, BPP 85) The same 
relationships as for the five major EuHρνu ei taxa were also reconstructed in our Bayesian 
analysis. Furthermore. the present result was partially congruent with the results of previous 
studies KURABAYASHT et al, (2005) showed that small-sized Euphh ets specimens (hpEA) 
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rom Mangalore (Adyar and Baype) differed genetically from E hexadact lus, and ALAM et al 
2008) found that one specimen from Mudigere (hpEC) was closely related to the hpEA 
roup, but there was a degree of genetic divergence between the groups. 


According to ALAM et al (2008), the average sequence divergences between E. hexaduc- 
(hs and hpEA (Ehex- In] and Ehex-In21n ALAM et al., 2008) were 11.9 U and 6.3 “o for 128 
nd 16S rRNA genes, respectively Because these values were larger than those previously 
ported from intraspecific sequence comparisons in mantellids (VrNnces et al., 2005) and 
outh American bufonids and hyhds (Fouourr et al., 2007), Aram et al (2008) concluded 
yat the two haplotype groups should be separated taxonomically as different species. When 

e recalculated the average sequence divergence between these taxa with the present addition- 
1 material, the values were 13 0 % and 9.1 % for 12S and 16S rRNA genes, respectively. The 
pecimen from Mudigere collected in 2003 (hpEC, Ehex-[n3 in ALAM et al., 2008) was also 
eparated clearly from E hexadactylus (15 3 and 9 1 % for 12S and 16S), but the sequence 
lvergence values (5 0° vand 2 3 %) did not support the distinct separation between the hpEC 
nd hpEA groups. Only one specimen with the hpEC haplotype has been found so far, and 
his specimen was apparently subadult Thus, more specimens are needed before discussing its 
axonomie status, 


The most remarkable finding in the present study was that the five specimens from 
Audigere (hpEB) collected in 2007 formed a sister group to that of E cyanophiyeris (fig. U). 
Molecular divergence between hpEB and E cyanophlyctis was 16.4" for 12S and 10 7 % for 
68 rRNA genes. As in the case between hpEA and E. hexadactylus, these values were large 
nough to regard the hpEB group as a distinct species from E cianuphilycts. 


Our molecular analyses have revealed the occurrence of two undescribed species m 
outhwestern part of Karnataka. As discussed in the later section, the two haplotype (hpEA 
ind hpEB) groups were morphologically distinct from E hexaductylus and E cyanophilyetis, 
espectively, and from each other These indicate that the two haplotype groups are reproduc- 
tively distinct, and ate described below as new species. 


TAXONOMY 


Euphlyctis aloysii sp. nov. 
(fig. 2-3) 


pEA group in fig. 1 and in KuraBayasut et al. (2005). 

Ehex-in2 group in ALAM et ul. (2008) 

Diagnosis Small Luphivcits species. SVL from 31 8 to 45 2 mm in females. Ii differs from 
E hexadact lus in its distinctly smaller body size, has ing four large elliptical dark markings on 
the dorsum, smaller head, shorter hindlimbs, and wider eyelids. relative to SVL. The presence 
of large dorsal markings and thin nud-dorsal stripe readily distinguishes this species from 
L cyanophlyctis The eyes and tympanums are smaller. and femur and tibia are shorter. 
relative to SVL, in E aloyse than in E cyanophlyctis 
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Fig. 2 Holotype of Euphticts alm sn sp. nov (BNHS 5123, 7 from Baype) Dorsal view (A), ventral 
view (B). p pect of thigh (C). and foot (D) Lower part of abdomen was cut open for 
sexing, and the opemng is seen in B 


osterior 


Holotype BNHS 5123 (fig. 2). female, SVL 40 4 mm, collected in Baype, Mangalore, on 
21 July 2007 


Paratypes BNHS 5124. 9. SVL 38.6 mm, Adyar, Mangalore. 6 June 2003 BNHS 5125, ? 
SVL 37 | mm, Bajpe. Mangalore, 21 July 2007 BNHS 5126. 2, SVL 372 mm, Adyar, 
Mangalore, 28 July 2007 

Other specimens exammed ? RBRL 03052501. 05071904, two adult Adyar. RBRL 
04070601 04070603, 06072003 06072004. 06072404, 07072101, 67072104-07072113, 
07072115, 18 adult 2, Baype 

Description of holotype measurements m mm vomerine teeth round. situated near 
anterior end of upper jaw; tongue tip bifurcated. 
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Fig 3 Euphhchs aloysu sp. nov RBRL 06072004 (A) and RBRL 06072404 (B), showing coloration 
in hfe, 


Head small, wider than long (HL 12.4, HW 13.1); snout shghtly pointed; nostril nearer 
to tip of snout than to eye (S-N 2.9, N-E 3 1), Joreal region concave, canthus rostralis blunt; 
internarial distance larger than inter-orbital, the latter smaller than eyelid width (N-N 2.4, 
E-E 1,4, ELW 3.3); tympanum large, about 75 ' » of eye diameter (ED 4.2, TD 3 3) 


Finger free, finger tip small, slightly pointed; first finger longer than second (F1 7.0, F2 
4 5); subarticular tubercle moderate, finger lengths F2 < F4 < FI<F3(F3 7.2, F4 4.7). 


Distal part of thigh thick; tibto-tarsal articulation slightly apart when legs folded at 
right angle to body axis, foot length larger than femur length and slightly larger than 
ubia length (FOL 19.1, FEL 18.4, TIL 19 0); toe tip small, shghtly pointed; subarticular 
tubercle moderate, toe lengths T] < T2 < T3 < T5 4 (TI 7 t, T299, T3 11 8, T4 15.6, T5 
13 4); web nearly reaching toe tip and sharply incised (fig. 2D); inner metatarsal tubercle 
indistinet. 


Supra-tympanic fold thin, forming granular row at posterior part of tympanum, not 
reaching arm base, numerous small round ridges on dorsum, no ridges on flank and thigh, 
underside smooth, except a pair of rows consisting of a series of small dermal projections 
from the anterior edge of forelimbs to groin 


In preservative, dark brown above with a thin mid-dorsal stripe. small black spots from 

beneath eye io forelimb base: large dark brown elliptical or round markings on dorsal side of 
thigh and shank, wide white longitudinal stripe on sides from above forelimb to groin; three 
dark brown longitudinal stripes and intervening two white stripes on posterior side of thigh 
{fig. 2C), thin pale stripe on outer edge of shank, dark streak from ankle to outer edge of toot; 
ventral side white: regular dark line pattern on underside of thigh (fig. 2B). irregular dark 
markings on underside of shank. 
Color in fife Dorsum light brown with a thin greenish mid- dorsal stripe. and green patches 
over upper Jaw and from eyed to shoulder, two pairs of rather conspicuous large elliptical 
markings on dorsum (fig 3) At night, the dorsum was darker. and green color and dorsal 
markings became conspicuous. 
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Variation - Measurements for 24 female specimens are given in tab. | Of 24 specimens, 
22 had a thin mid-dorsal stripe (fig. 3B), one had a relatively thick mid-dorsal stripe (fig. 3A), 
and only one (paratype BNHS 5124) tacked mid-dorsal stripe. Irregular line pattern on 
underside of thigh and shank differed from specimen to specimen, and extended to lower part 
of abdomen in some specimens. Paratype BNHS 5124 showed a distinct black dot line system 
composed of black horny tubercles; a curved dot line between anterior edge of foreleg, a pair 
of dot lines on both sides of the throat, a pair of dotted lines from the anterior part of the arm 
base, circling the upper edge of arm base, extending toward groin, then toward back; a pair of 
faint longitudinal black dotted lines on both sides of the venter A similar dotted line system 
was reported in E cyanophiycus from Sti Lanka (DUTTA & MANAMENDRA-ARACHCHI, 1996), 
and one of the authors (MK) observed it in a preserved specimen of E heaadactylus from 
Malabar (deposited in Muséum national d'Histoire naturelle, Paris’ MNHN 1292.9, SVL 
69 2mm) These systems apparently represent the lateral line system (see DUBOIS & OHLFR, 
2001). 


We did not observe juveniles of E, hexaductylus The juveniles were described as 
“beautifully striped” (BOLLENGER, 1890), “have bars or spots of dark green and black on the 
back” (Daner , 2002), or “more strikingly colored with patches of green and black scattered 
over the olive-black back (DANS. 2005). These descriptions fit the coloration of E afosti 
fairly well. Although precise comparisons wait for future studies, there may be a possibility 
that E aloysu has been confused with juveniles of £. hevadactylus in some cases The juveniles 
of Hoplobatrachus tigermus have a beautiful green and black dorsal pattern, but they can be 
readily distinguishable from E aloysi: by the presence of many longitudinal dermal ridges on 
the back 


Our specimens were all females, and male sexual characters are unknown 


Ecology Females had mature ova in the ovaries. The ova are pigmented and ca. 1 mm in 
diameter Since the gravid females were collected from late May to late July, spawning may 
begin in early August. During July. in the middle of the rainy season in Karnataka. we heard 
advertisement calls of E hevaductilus Fejervarya cuperata Kuramoto et al., 2007 and 
Hylarana aurantiaca (Boulenger, 1904) in Adyar and those of Feyervarya cuperata, F sahya- 
dris (Dubois et al, 2001), Micron le ornata ¶Dumeril & Bibron, 1841) and Polvpedates 
maculatus (Gray, 1830) m Baype. but we could not hear the calls of E alorsu Our specimens 
(n — 24) were composed of females only The reason why males did not appear durmg our 
collecting was not clear 


Distribution Presently known only from Adyar and Bajpe in Mangalore. The hpEC group 
from Mudigere, which apparently relates to E ai from external morphology and mole- 
cular analysis. may suggest the presence of a montane subspecies. 


Etymology This species and the College where the main part of this study was carried out, 
were both named in honor of Aloysius Gonzaga (1568 15911 Aloysius was a Prince in Italy 
who entered a Jesuit order and died serving the plague-stricken people of Rome 


DNA sequence data for holotype. Accession numbers are AB273171 and AB272606 for 
mitochondrial 12S and 16S rRNA genes. respectively (07-02 m fig 1) 
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12.4 Holotype of uhren mu 
ventral view ( ;). posterior aspect of thigh {C}. ana foc 
n B 


ve sp no (BNHS $127, ¢ from Mudigere) Dorsal view (A), 
(D) Opening for removing tissue for DNA 


analysis Is s 


Euphlyctis mudigere sp. nov 
(fig. 4-6) 


pt B group in fig 1 


hagnoss Small E¹˖m ns species with SVL from 28.1 to 34 8 mm in males It differs from 


hevadact tus and E aol r m having a simple stripe pattern on the posterior side of the 


mph and a bluntly incised web. The relative to SVL. are shorter than in £. cyanophiyc- 
n The advertisement calls are | m mean duration. an ot of about 16 pulses with the 
‘ominant frequency band at about | $ kHz The calls differ from those of E cranophiiets 
nd E heva: tries call length longer. more numerous pulses in a ca 
equency band 


c 


and lower dominant 
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Fig S Euph lis mudigere sp nov Paratype (BNHS 5130) (A) and RBRL. 08072504 () showmg 
coloration in life 


Holotype BNIIS 5127 (fig 4), male, SVL: 31 1 mm, collected in Mudigere, on 29 July 2007. 


Parutypes, - BNHS 5128, 3, SVL 29.2 mm, Mudigere. 29 July 2007. BNHS 5129, 7. SVL 
28 Umm, Mudigere, 29 July 2007. BNHS 5130 (fig. SA), 8, SVL 32.7 mm, Mudigere, 29 July 
2007. 

Other specimens exammed — RBRL 07072905, 08072504 (fig 5B), 08072505, three d, 
Mudigere. 

Description of holotype (measurements in mnt}. Vomerine teeth round, situated near 
anterior end of upper jaw; tongue tip bifurcated. 

Head small, wider than long (HL 10 3, HW L1 3); snout slightly pointed; nostril nearer 
to eye than to tip of snout {S-N 3 0, N-E 2 6); loreal region concave, canthus rostralis blunt. 
internarial distance larger than inter-orbital, the latter smaller than eyelid width (N-N 2 1, 
E-E 1.2, ELW 2.3); tympanum large, about 85” of eye diameter (ED 3 8, TD 3 3) 

Fingers free, gradually tapering to pointed tip; first finger larger than second (F1 4 6, F2 


3 9), subarticalar tubercle small: finger lengths F4 < F? < Fl < F3 (F3 5.6, F4, 3.5). No 
thickening of the first finger. corresponding to nuptial pad, was noticed 


Distal part of thigh thick, tibio-tarsal articulation shghtly apart when legs folded at right 
angle to body axis, femur length larger than tubia length, the latter larger than foot length 
(FEL 15 6, TIL 14.2, FOL 13.8), toe tip small, shghtly pointed: subarticular tubercle small: 
toe lengths TI < T? < T5 < T3 < T4 (T1 5.1. T2 7 4. T3 10.3, T4 11 5, TS 10.1), web large. 
nearly reaching toe tip and bluntly incised (fig 4D), inner metatarsal tubercle indistinct 

Dorsal surface wih small tubercles: supra-tympamic fold present. but not distinct, 
underside smooth A pair of vocal sacs on both sides of lower yaw near jaw angle, 


In preservative, dorsum dark brown with indistinct small patches, irregular markings on 
upper side of hindl. mb. a conspicuous white band on posterior side of thigh, accompanied 
with a thin black stripe on ventro-postenor side (fig 40). no mud dorsal stripe, underside 
immaculate. vocal saes light gray 
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Fig, 6 ~ Sound spectrogram of the advertisement call of E mudigere sp. nov. ¶ latTop window, 323 Hz 
bandwidth). 


Color in life. Dorsum was light brown with many small darker patches (fig SA), In the night, 
these patches tended to fade (fig. 5B). 


Variation, - Measurements for seven male specimens are given in tab J. None of the 
specimens had a mid-· dorsal stripe. In external morphology, no distinct intra-specific variation 
was noticed Because only male specimens were available, sexual variation 19 not known, 


Advertisement cally The advertisement calls of E mudigere recorded on 29 July 2007 at 
23,2°C (fig 6) were trills composed of 16 39 f 2 77 pulses {7 = 18, range 11 - 22), with total 
length of 1.31 t 0.22 s (0.84 £71 s) Pulse repetition rate was [1 71 + 0.56 pulse/s. 
Frequencies were rather continuous from 1 to over 8 KHz. The dommant and fundamental 
frequency was at about 1 5 kHz and a second harmonics band was noticed at about 3 kHz 
The calls recorded on 27 July 2008 at 21.0°C were nearly the same in number of pulses (16.36 
+ 1.92 pulses, range 12 20, 2 = 22), but the call length was longer (1 48 + 021 s, range 1.05 
192 8) and the pulse repetition rate was lower (11 10 + 0.32 pulse/s) than the calls recorded 
m 2007 The differences between the two recordings in call length and pulse repetition rate 
were slight, but statistically significant (f = 2 428 and P = 0 020 for call length, 7 - 4.317 and 
P = 00001 for pulse repetition rate). Because the call length became shorter and pulse 
repetition rate became higher with increasing temperatures (eg KLRAMOTO & Josuy, 2006), 
these may be due to the slight difference in air temperature at the tme of recordings. 


The advertisement calls of E cvanophhetrs and E hevadactyius were analyzed by 
Keramoro & JosHy (in press} The calls of E mug tc differed from the calls of 
E f/ uli which were not the tills but typically composed of a series of two-pulse 
notes. Compared with the calls of E nie. the calls of E hevadac trite were shorter in call 
duration (025 + 007 s), fewer in pulse number (50 + L 18) and higher in dominant 


frequency (2 29 — 2.43 kHz). 
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Table | ~ Mean (1), standard den ones (r) and range m messurements (in mm) of Four Euphhichs species fom Komsas, Indie, See text for character 
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Ecology. Males were calling while floating among rice plants (fig 5B). The calling males 
were observed in the middle portion of paddy fields without exception On the banks of the 
same paddy fields, Fejervarya granosa Kuramoto et al., 2007 and F caperata were actively 
calling We could not collect females in paddy fields where males were calling 


Distribution, Presently known only from the type locality, Mudigere. 


Etymology. Specific name was derived from the name of type locality, Mudigere. It is an 
invariable name in apposition to the generie name. 


DNA sequence data for holotype Accession numbers are AB377110 and AB377109 for 
mitochondrial 12S and 168 rRNA genes, respectively (07-21 in fig. 1). 


MORPHOLOGICAL COMPARISONS 
BETWEEN Et PHLYCTIS TAXA FROM KARNATAKA 


As shown m tab 1, £uphhets alors and E mudigere are distinctly smaller than 
E hevaductslus Ranges of SVL of E alosse females and E nnudigere males do not overlap 
wath those of E hexadactsfus. The snout-vent length of E alovsi females is significantly 
smaller then that of E evanophh etis females (U — 107, P- 0 035), whereas no significant 
duference was obtained between males of E mudigercand E cvanophhy cts (U -— 5. P- 0.089) 
Fairly distinct large dark blotches on the dorsum of female E doi sr were not observed in 
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Fig 7. Posterior side of thigh and foot of E csanophlyens (RBRL 05070921, 9 f 
and those of E hexadactylus (RBRL 06071903, Z from Adyar) (C. D) 


om Mudigere) (A. B) 


E hevadactylus and E evanophilyctss. Vomerine teeth of E hexadactylus are distinct, forming 
two highly elevated oblique lines between choanae In E cyanophivcits, subarticular tubercles 
ere The mid-dorsal 


are distinct in contrast to the indistinct tubercles of E aloysnand E mu 


stripe is absent in E mudigere and yanophiyeus 


Asa whole. E uloysn and E ntudigere resemble E hevadectylus and E cyanophiyens, 
respectively However, large dark brown markings like those on the dorsum of E aloy sit were 
e markings were very 
conspicuous in specimens which died accidentally during transportation (RBRL 04070601, 
04070602) The stripe pattern on the posterior side of the thigh of E hexuductytus differs from 
that of E alovse consisting of two thinner white stripes and a much thicker black stripe 
between the two white stripes (fig 7C) The web of E brb tutes is sharply incised as in È 
aloysu (fig 7D) The thigh stripe pattern of E niuiligere is similar to that of E cyanophlyetis 
(fig 7A), and the web is not deeply incised in both species ( 1. The dorsal surface is 
densely covered with small granular tubercles in E cranephtyces, whereas the granules are 
rather scarce in E. mudigere 


never observed in E he ici lin or any other Euphh etis species. The 


Euphivets alovsu was separated clearly from E fie e fas and E cyanophlyctis by 
canonical discnminant analysis using Measurements {fig 8A). The statistics for discriminant 
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Iabe 2 Statistics obtained from the diser minant ana.yses ung measurements of five Fuphivets species 
Abbrev.ations alo, E alowsh, eva, E cvanophhens, enr, E chrenbergn, her, E hexadacitiy, mud, E 


mudigere 
s Diseruminany 

Raced Perpa w NI Wilks" Ismbda (P) dea (c) Fuue 
Species compared] et 

varies! Funcuon | raton 2 

Funcuon | | Funetion2| Function 3] ESOT 3, rer Function 3 

kie eva, hee 24 | anf em ~= | 0007 (< 0001) | 0 .34¢< 0001) — 100 | sa 
mud, cya, hex 24 | 285730 | 12187 ~ | 9.000 (< 0.0015 | 0.076 ¢0.004) - 10 | sB 
a, mud 24 | 54.045 - ~ | 00.8 (<0001) - - 1 % 
Jato, nud. eva, be 24 14% $147] 4.888 | 0.008 (< 0001) | 6050¢<0.00 ) lans 0 %% / %% | 9B 
kh. cya, hex te | 23108] a = | 9.007 {< 0001) | 0.162 (0.034) — 00 | 10a 
e, cya, ler ta iss 3 - | 00 4(< 0001) | 023210025) - 10 dos 


Table - Veen stundar deviation and -i boxy rat of four faria species from aben kamente, india. See text for character ode er 
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is 8 Scatter plot of individual score of canonical discriminant function 1 (CA1) and 2 (CA2) for 
E aloysu, E cyanophtyctis, and E hexadactytus (A) and that for E mnadigere, E cyanophlyctis, and 
E hexadactylus (B) 


nalysis are shown in tab. 2. The standardized discriminant coefficients were large (in 
bsolute value) in SVL, HLL and HL for function i and in SVL, T4, F1 and F2 for function 

In discriminant analysis using ratios relative to SVL (HL/SVL, HW/SVL, etc ), the 
ustribution pattern of individual scores was nearly the same as m the analysis using 
neasurements Mann-Whitney U tests showed that nine and 13 body ratios differed 
ignificantly (P < 001) between E alovsn and E hevaductylus and between E ul 
nd E cyanophlyctis, respectively (tab 3-4) The head is smaller in E aloysu than m 
I hevadacty lus, differences of both HL/SVL and HW/SVL of the two species being highly 
ignificant ( < 0.01) The eyelid width is larger and the hindlimb length is smaller, both 
elative to SVL, in E ds, than in E hexadactylus (P < 001), Euphivens aloysn differs 
tgnificantly from E cyanophlyctis (P < 001), having a smaller head length, smaller eye 
tameter, tympanum diameter, femur length and tibia length, all relative to SVL The ratio 
I/ HW 1s significantly smaller. and FOL/FEL ts significantly larger in E alovsu than in 
£. cyanophlyctis. 

Euphh cts mudigere was albo clearly separated from E crunophiictisand E hevadacty lus 
yy discramınant analysis (fig. SB. tab 2) The standardized coefficients of discriminant 
sInctions revealed that HW. T4. T2 and F3 contnbuted more to function | and T4, TIL 
md FOL contributed more to function 2 than the other measurements. Only two and 
me body ratios were significantly different (P < 001) between F mudigere and E c- 
raphi tiy and between & mudigere and E hevadact fas respectively (tab 3-4). The rauos 

VSVL and P2/SVL were significantly smaller in E nleo than in LE cyanophlyctis 
P < 0.01), and N-N/SVL was significantly larger m E nle rc than in E hevacdac L hrs 
P < 001) Fingers and toes were shorter in E amber than m E canephivens and 
L hexadactvius 

Discriminant analysis clearly separated E elig c Irom E ales ut (fig 9A. tab 2) The 
landardized coefficients of the discriminant ſunct. on were large (in absolute value) in N-E. 
4. Fl and SVL Mann-Whitney L tests revealed that the ratios I[W/SVL, E EL/SVLand TIL? 
EL were significantly larger (P < 0 01) and FOL/F EL was significantly smaller (P < 001)in 
© mudigere than in E aloysti (tab 3-4). 
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Table $ + Resi t of Mann Whitney £ test between body ratos of F nak F fec muddy E csanopttvens . and E Mede tes iets + 
and P values are given. Symbols * and ** indicate the $ % and | % sigmficance levels, respecisvely 
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Finally, all four Euphietis species from Karnataka were separated by discriminant 
analysis (fig 9B; tab. 2). The standardized coefficients of discriminant functions were large (in 
absolute value) in SVL, HLL, FEL and HW for function 1, m SVL, Fl, T4 and F2 for 
function 2, and in FOL, SVL. TS and T4 for function 3. Although the plot range of 
E mudigere slightly overlapped with those of E afeysn and E cyanophlyctis in fig. 9B, 
E mundigere was clearly separated along the third axis for discriminant function 3, scores for 
function 3 being from 2.431 to 4.263 for E mudigere, from 2 93 to 1 O16 for E alojsn and 
from -2.629 to 1 374 for E. cyanophlyctis. 


Discussion 


Many lines of evidence suggest the existence of a considerable amount of genetic 
divergence between populations of the wide-ranging E ciatophiyctts populations, KHAN 
(1997) described a subspecies of E che pile tts from the northwestern highlands of Pakis- 
tan as E cvanaphivens mu rospmulata Di TTA (1997) considered E cranophiyetis sertana, 
described from Iran by Niko sat (1900) as a variety, as a valid subspecies, ALAM etal (2008) 
arıfied that each of the E cianephiictss populations from southwestern India, Bangladesh 
and Sn Lanka constitutes distinct clusters in the phylogenetic tree constructed on the basis of 
mtDNA sequence data Remarkable acoustic differences between southwestern and north- 
eastern populations of Indian E cranephiictis (Roy & Errpranpt, 1993, KURAMOTO & 
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Fig 9 Distribution of discriminant scores of E alas and E  mudigere (A) and scatter plot of 
individual score of canonical diserim.nant function | (CAL and 2 (CA2) for E alina, E 
mudigere, E cyanophlyctis and E hexadactylus (B). 


Josh. in press) may reflect genetic divergence between the two Indian populations It seems 
highly probable that future studies will reveal the existence of several cryptic species allied to 
E. cyanophlyctis. 


The type locality of E cyanophlyctis (Rana cyanophlyctis) is probably Tranquebar 
(Tarangambadı) in east-central Tamil Nadu, India (BAUER, 1998) Although Trwart (1991) 
regarded Kerala, most of Tami) Nadu and southwestern Karnataka as belonging to the 
Malabar faunal province in the Ceylonese sub- region of the Oriental faunal region, this does 
not mean the genetic identity of E cyanophiycrs occurs there. Further molecular phylogenet- 
tc studies are needed to clarify the relationship of E cvanephiycts from Karnataka. 


The distribution range of E hevadactylus is confined to India, Bangladesh and Sn 
Lanka. The type locality of this species is south India (Frost, 1985) Although E heaadac- 
ty lus was reported to have a white or pale yellow venter (DUTTA & MANAMCNDRA-ARACHCH, 
1996; CHANDA, 2002, Dame, 2002; Dawtecs, 2005), all six specimens from Mangalore have 
a finely mottled pattern on the venter and lower side of the thigh, which is never observed in 
E dlc) si, E mudigere and E cyanophiycrs The rather heavily mottled underside observed in 
the E hevackecty/us specimens exammed in this study indicates genetic differentiation within 
this species. Thus, the taxonomie situation of E ſie vue lus from Karnataka ts similar to 
that of E cyanophlyctis mentioned above. 


Eifel ci elvenbergn had long been synonymized with E chunophivcas and was resur- 
rected by DuBots (1981) This species 1s relatively large in size and has a uniformly greenish 
dorsum (Li VITON et al. 1992: KHAN. 1997), resembling E bevr I l. BOCLENGIR (1920) 
gave measurements for e ght specimens of E emenbergn (as Rana cyanophivetss from Saudi 
Arabia and Yemen}, and this species was clearly separated from E cranophivets L = 9) and 
E hexadacn ha (n — 8) both from southern India and Sn Lanka by discnminant analysis 
using his measurements (fig 10A; tab. 2) Comparisons for body ratios revealed that HL/SVL. 
and FI/F2 of E ehrenbergii were greater (P < 0.01) than those of E cyanophlyctis 
and FUSVL. F4/SVL. TIL/SVL and TIL/FEL were larger (P < 0.01) and F1/F2 was smaller 
(P <0.01) than those of E hexadactylus. These comparisons give morphometric bases for the 
specific distinctness of E. eftrenbergn 
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Fig 10 - Scatter plot of individual score of canonxal d.seriminant function 1 (CA 1) and 2 CAN) tor E 
cjanophl, chs, E hexudactvlus, both from south India and Sri Lanka, and £ ehrenbergu from 
Saudi Arabia and Yemen (A) On the scatter plot for the above three species (based on lower 
number of variables), the swore of E chose calculated from the coefficients for the three species 1s 
plotted (B). Data from BOULENGER (1920) and Cuanpa (1990). 


Roy & ELEFANT (1993) revealed acoustic differences between E ehrenhergu and 
E cjanophiyets Acoustic features of E hevadact) lus were analyzed by KUramoro & JOSHY 
(in press), which seemed rather similar to £ ehrenbergu than to E cjanophiyens. The 
E hevadact)lus population from Bangladesh was proved to belong to a new undescribed 
taxon by molecular evidence (ALAM et al., 2008). 


CHANDA (1990), in describing E ghosht (as Runa ghoshi), suggested the close rela- 
uonslups of E ghoshi with E cjanophivets (as Rana cyanophh cts), Lankanectes corrugatus 
(Peters, 1863) (as Rana corrugata) and Chrysopau sternosignata (Murtay, 1885) (as Rana 
sternosignata) Each of these genera belongs in a different tribe in the subfamily Dicroglos- 
sinae or different subfamily in the Ranidae (Durons, 2005), and the pbylogenctic relationship 
of E ghoshr must watt for future studies. CHANDA (1990) gave measurements for the holotype 
of E ghoshi When the discriminant scores for this E gu specimen were calculated using 
the coeſſieients of canonical discriminant functions for E ehrenbergii, E cyanophhers and 
E hevadact) tus (all data from Boi NR. 1920, as in fig 10A, except 4. TIL. FOL and T5 
which were lacking for E ghost, and forelimb length which was measured apparently in 
different ways by BOUrG R, 1920 and by CHANDA, 1990), the plot was separated from the 
ranges of the other three species (fig 10B, tab 2) In view of the fact that the ratios 
snout-length/SVL (15.0), ED/SVL (13 3), and E-E/SVL (6 7) of E ghost were larger and 
ULL/SVL (126 7), T3/SVL (24 2) and TD/ED (0.5) were smaller than the maximum and 
minimum values, respectively, for E chrenbergn, E cvanephivcrs and E b vlt T dus, 
E ęlunlu seemed to be related rather remotely with the other three EW species. The 
snout of E ghost (ig. | m Cuanva, 1990) was round which is unlike the rather pointed 
snouts of congeners. 


The genus Luphivein has many taxonomic problems io be solved as mentioned above, 
and future studies may reveal several new cryptic species, as in "Fic ariet Ditet Hari. 
which was once considered io have an extensive distribution range and recently was split into 
many species (DU Bors & Oni eR, 2000: Ff Het al. 2002, Kt Ramorto et al | 2007, Maisu et al. 
2007). 
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